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1. Introduction 
The partial primary structure of Black Sea dolphin 
(Dolphinus delphis) myoglobin has been determined 
by KaradZova and coworkers [l] by classical methods. 
The sequences of amino acids at positions 17-3 1, 60, 
and 84-85 have not been established. The difficulties 
encountered in the sequential investigation of the 
N-terminal part of the molecule of myoglobins can be 
ascribed to the low solubility of tryptic fragments 
arising from this part of the molecule. 
Another approach to the solution of this problem - 
the stepwise degradation of amino acid residues from 
the native molecule of the globin by the phenyliso- 
thiocyanate technique - has been proposed by Edman 
[2]. The automation of the procedure in the amino 
acid sequenator improved the yield to 98% and thus 
enabled the amino acid sequence of the 60-residue 
N-terminal fragment of the molecule of humpback 
whale myoglobin to be determined. 
This paper has followed the same line of approach 
to fill the existing gap in the amino acid sequence at 
position 17-3 1 in the molecule of Black Sea dolphin 
myoglobin and at the same time served as a practical 
test of the amino acid sequenator built in this labora- 
tory according to Edman’s model [2]. 
2. Material 
The main component of dolphin myoglobin was 
prepared by the procedure of KaradZova and cowor- 
kers [3]. The globin of the main component Mb1 was 
obtained by precipitation with acidified acetone ac- 
cording to Rossi-Fanelli [4] . 
Standard samples of phenylthiohydantoins of 
amino acids were products ,3f Mann Research Labora- 
tories, Quadrol was from Carlo Erba, Italy, hepta- 
fluorobutyric acid and silica gel D 5F from Fluka, 
A.G. The remaining chemicals and solvents were of 
practical grade purity. All chemicals and solvents 
were purified according to Edman [ 21. Efforts to 
prepare Quadrol and n-propanol free of aldehyde im- 
purities were unsuccessful. 
3. Methods 
The sequenator was built according to Edman’s 
apparatus [2]. Alterations in the construction are 
without effect on its individual functions and will be 
reported elsewhere. The sequence of the program ex- 
cept for the changes mentioned below, the reaction 
times, and the volumes of the extracting agents were 
kept within narrow limits as prescribed [2]. 
The following alterations were made. In the reac- 
tion mixture, trifluoroacetic acid was replaced by 
propionic acid and the extractibility of the buffer was 
North-Holland Publishing Company - Amsterdam 31 
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thus improved. The extraction of the reaction medium 
by ethyl acetate was repeated twice and thus the se- 
quence of extractions in the first part of the program 
was: reaction with phenylisothiocyanate, evaporation, 
extraction with benzene, extraction with ethyl acetate, 
evaporation, extraction with ethyl acetate and eva- 
poration. The subsequent addition of heptafluoro- 
butyric acid is in accordance with the original program. 
The repetition of the reaction with heptaflurobutyric 
acid and the second extraction with butyl chloride, 
i.e. operations No. 22-28 in the original program [2], 
were omitted in certain experiments since the inter- 
fering effect of the background was minimal due to 
the low number of degradation steps. 
The cyclization of thiazolinones was effected in 
30% ethanol, adjusted to pH 1 by hydrochloric acid, 
for 60 min at 80”. In repeated experiments, the 
cyclization of the thiazolinone of serine, degradation 
step No. 3, was carried out in 1 N HCl, for 10 min at 
80’) and the yield of the hydantoin of serine was im- 
proved. 
The identification of the phenylthiohydantoins by 
thin-layer chromatography on silica gel D 5F in 
systems D, E, and H has been described by Edman 
[5] . The phenylthiohydantoins of leucine and iso- 
leucine, degradation steps No. 2, 7, 28, 29, and 30, 
were distinguished in system D and in the system 
benzene: heptane, proposed by Schroeder [6]. In 
order that the maximum resolving power of the latter 
system be achieved, the ratio of benzene to heptane 
must be determined experimentally so that 
RFm,,,) = 0.8. The length of the path of the sol- 
vent between the origin and the front was in all sys- 
tems 10 cm. The phenylthiohydantoin of arginine 
was identified by thin-layer electrophoresis [2] and 
by the Sakaguchi reaction. 
The average repetitive yield of the degradation 
was calculated from the yields of PTH-glycine isolated 
in degradation steps No. 1,5, 15, and 23. 
4. Results 
The globin (8 mg) was dissolved in 250 ~1 of water 
and applied to the walls of the spinning cup. The pro- 
tein was lyophilized in 15-20 min. For the subsequent 
procedure see the 3rd paragraph of Methods. 
32 
The degradation of 3 1 amino acid residues was 
repeated four times. Individual amino acid residues 
were degraded in an average yield of 96.5%. Deter- 
mined amino acid sequence: G/y-Le,u-S;r-A4sp-tly- 
-GF-T;p-GJn-Leu-Val-Leu-Asn-Val-Tr -C$-L[;-V$- 
9 10 11 12 13 1 ! 
Gtr-tt-$ -Val-Ala-G1 -His-G1 -Glu-As -he-Leu- 
B 21 22 2Y 24 22 26 27 28 29 
5. Discussion 
The result of this paper provides additional evi- 
dence in favor of the similarity in the primary struc- 
tures of myoglobins from different aquatic mammals. 
The structure determined by us here is in agreement 
with the partial structure reported earlier [l] save for 
two exceptions. The presence of glutamic acid instead 
of glutamine at position 26 can be explained by 
deamination of the material during the degradation, 
since the globin had been exposed altogether for 13 
hr to the effect of alkaline medium before glutamic 
acid at position 26 was liberated. This explanation is 
acceptable only on condition that the rates at which 
individual glutamine residues are deaminated differ 
by one or several orders. In another experiment the 
same material was kept 26 hr in the same buffer as 
that in which the reaction with phenylisothiocyanate 
takes place and the degradation was begun after this 
period. The concentration of PTH-glutamic acid 
derived from glutamine at position 8 was not higher 
than usual, i.e. lo- 15%. 
The finding of glycine at position 15 is in disagree- 
ment with the earlier report [l] which ascribed 
alanine to this position. We believe that the structure 
determined by us is correct because it has resulted 
from straightforward degradation of the intact globin 
molecule. A survey of the N-terminal parts of the 
molecules of myoglobins from related aquatic ma- 
mals horse and man is shown in table 1. In our 
opinion, the table deserves interest with respect to the 
replacement of alanine for glycine at position 15 in 
different species. 
The structure reported in this paper completes the 
structure of dolphin myoglobin proposed by 
Karadzova and coworkers [l] , as shown in table 2. 
T
a
b
le
 1
 
2
 
1
 
2
 
3
 
4
 
5
 
6
 
7
 
8
 
9
 
1
0
 
1
1
 1
2
 
1
3
 1
4
 1
5
 1
6
 1
7
 1
8
 
1
9
 2
0
 
2
1
 2
2
 2
3
 
2
4
 2
5
 2
6
 
2
7
 
2
8
 2
9
3
0
 3
1
 
5
 
o
 
s 
V
a
l-
Le
u
-S
e
rG
lu
-G
ly
C
lu
-T
rp
G
ln
-L
e
u
-V
a
l-
Le
u
-H
is
-V
a
l-
T
rp
-A
la
-L
ys
-V
a
l-
G
lu
-A
la
-A
sp
-V
a
l-
A
la
G
ly
-H
is
~
ly
~
ln
-A
sp
-l
le
-L
e
u
-I
le
A
rg
 
; 
A
sp
-A
la
 
A
sn
-I
le
 
G
lY
 
A
sp
 
H
is
 
A
sn
 
G
ly
 
T
h
r 
Le
u
 
G
lu
-V
a
l 
#
 
G
lY
 
A
sp
 
G
ln
 
A
sn
 
G
lY
 
Le
u
 
V
a
l 
c 
G
ly
 
A
sn
 
G
lY
 
Ile
 
G
lu
-V
a
l 
G
lY
 
A
sp
 
A
sn
 
G
ly
 
G
lu
 
G
lY
 
A
sx
(G
ly
, G
lx
) 
- 
A
sx
 
G
ly
 
P
ro
(A
sp
,I
le
~
la
,G
ly
,H
is
,G
ly
,G
lx
,G
lx
)V
~
 
w
 
w
 
P
o
si
ti
o
n
 
S
p
e
rm
 W
h
a
le
 
H
u
m
p
b
a
ck
 W
h
a
le
 
H
a
rb
o
r S
e
a
l 
P
o
rp
o
is
e
 
H
o
rs
e
 
D
o
lp
h
in
 
H
u
m
a
n
 
A
 c
o
m
p
a
ri
so
n
 sh
o
w
in
g
 th
e
 N
-t
e
rm
in
a
l a
m
in
o
 a
ci
d
 fr
e
q
u
e
n
ce
s o
f 
th
e
 m
o
le
cu
le
 o
f 
m
yo
g
lo
b
in
 fr
o
m
 s
p
e
rm
 w
h
a
le
 (P
h
ys
e
re
r c
u
to
d
o
n
) [
 1
1
, h
a
rb
o
r s
e
a
l (p
h
o
cu
 v
ih
rl
in
a
) 
[7
],
 h
u
m
p
b
a
ck
 w
h
a
le
 (~
e
g
~
~
~
~
~
~
 
n
o
d
o
sn
) [
 2
1
, p
o
rp
o
is
e
 (P
h
o
ca
e
n
a
 p
h
o
e
a
e
n
a
) [7
],
 d
o
lp
h
in
 (D
ol
ph
in
us
 d
el
ph
is
) 
(t
h
is
 p
a
p
e
r)
, h
o
rs
e
 [S
] 
, 
a
n
d
 m
a
n
 [l
o
].
 
T
h
e
 s
tr
u
c-
 
tu
re
 o
f 
sp
e
rm
 w
h
a
le
 m
yo
g
lo
b
in
 is
 g
iv
e
n
 in
 f
u
ll,
 t
h
e
 s
tr
u
ct
u
re
 o
f 
m
yo
g
lo
b
in
s f
ro
m
 o
th
e
r s
p
e
ci
e
s a
re
 p
re
se
n
te
d
 o
n
ly
 b
y 
a
m
in
o
 a
ci
d
s i
n
 w
h
ic
h
 th
e
y 
d
if
fe
r 
fr
o
m
 th
e
 
a
m
in
o
 a
ci
d
 se
q
u
e
n
ce
 o
f 
sp
e
rm
 w
h
a
le
 m
yo
g
lo
b
in
. 
T
a
b
le
 2
 
V
a
l-
Le
u
-S
e
r-
G
lu
-G
ly
-G
lu
-T
rp
-G
ln
-L
e
u
-V
a
l-
Le
u
-H
is
-V
a
l-
T
rp
-A
la
-L
ys
-V
a
l-
G
lu
-A
la
-A
sp
-V
a
t-
A
la
-G
ly
-H
is
-G
ly
- 
1
2
3
4
5
6
7
8
9
 
1
0
 
1
1
 
1
2
 
1
3
 
1
4
 
1
.5
 
1
6
 
1
7
 
1
8
 
1
9
 
2
0
 
2
1
 
2
2
 
2
3
 
2
4
 
2
5
 
-G
&
A
sp
-I
le
 
-L
e
u
-l
ie
 
-A
rg
-L
e
u
 
-P
h
e
-L
ys
-G
ly
-H
is
 
-P
ro
-G
lu
-T
h
r-
Le
u
-G
lu
-L
ys
-P
h
e
-A
sp
-L
ys
-P
h
e
-L
ys
-H
is
-L
e
u
-L
ys
- 
2
6
 
2
7
 
2
8
 
2
9
 
3
0
 
3
1
 
3
2
 
3
3
 
3
4
 
3
5
 
3
6
 
3
7
 
3
8
 
3
9
 
4
0
 
4
1
 
4
2
 
4
3
 
4
4
 
4
5
 
4
6
 
4
7
 
4
8
 
4
9
 
5
0
 
-T
h
r-
G
lu
-A
h
-A
sp
-M
e
t-
Ly
s-
A
la
 
-S
e
r-
G
lu
-A
sx
-L
e
u
-L
ys
-L
ys
-H
is
-G
ly
-A
sp
-T
h
r-
V
a
l-
Le
u
-T
h
r-
A
la
-L
e
u
-G
ly
-A
la
-I
le
 
- 
5
1
 
5
2
 
5
3
 
5
4
 
5
5
 
5
6
 
5
7
 
5
8
 
5
9
 
6
0
 
6
1
 
6
2
 
6
3
 
6
4
 
6
5
 
6
6
 
6
7
 
6
8
 
6
9
 
7
0
 
7
1
 
1
2
 
7
3
 
7
4
 
7
5
 
-L
e
u
-L
ys
-L
ys
-L
ys
-G
ly
-H
is
- 
H
is
 -A
sp
 
(A
la
, 
G
lx
 )
 L
e
u
-L
ys
-P
ro
-L
e
u
-A
la
-C
m
-S
e
r-
H
is
 
-A
la
-T
h
r-
Ly
s-
H
is
- 
Ly
s-
lle
 
-P
ro
- 
7
6
 
7
7
 
7
8
 
7
9
 
8
0
 
8
1
 
8
2
 
8
3
 
8
4
 
8
5
 
8
6
 
8
7
 
8
8
 
8
9
 
9
0
 
9
1
 
9
2
 
9
3
 
9
4
 
9
5
 
9
6
 
9
7
 
9
8
 
9
9
 
1
0
0
 
-1
le
 -L
ys
-T
yr
-L
e
u
-G
lu
-P
h
e
 
-1
le
 - 
S
e
r -
G
lu
-A
la
- 
Ile
- 
lle
 -H
is
-V
a
I 
-L
e
u
-H
is
-S
e
r-
A
rg
-H
is
-P
ro
-A
la
 
-G
ln
-P
h
e
-G
ly
-A
Ia
- 
1
0
1
 1
0
2
 1
0
3
 1
0
4
 1
0
5
 1
0
6
 1
0
7
 1
0
8
 1
0
9
 1
1
0
 1
1
1
 1
1
2
 1
1
3
 1
1
4
 1
1
5
 1
1
6
 1
1
7
 1
1
8
 1
1
9
 1
2
0
 1
2
1
 
1
2
2
 1
2
3
 1
2
4
 1
2
5
 
-A
sp
-A
la
-G
ln
-G
ly
-A
la
-M
e
t-
A
sx
-L
ys
-A
la
-L
e
u
-G
lu
-L
e
u
-P
h
e
-A
rg
-L
ys
-A
sp
-I
le
 
-A
la
-A
la
-L
ys
-T
yr
-L
ys
-G
lu
-L
e
u
-G
ly
- 
1
2
6
 1
2
7
 1
2
8
 1
2
9
 1
3
0
 1
3
1
 1
3
2
 1
3
3
 1
3
4
 1
3
5
 1
3
6
 1
3
7
 1
3
8
 1
3
9
 1
4
0
 1
4
1
 1
4
2
 1
4
3
 1
4
4
 1
4
5
 1
4
6
 
1
4
7
 1
4
8
 1
4
9
 1
5
0
 
-P
h
e
-H
is
-G
ly
 
1
5
1
 1
5
2
 1
5
3
 
- 
T
h
e
 p
re
se
n
t s
ta
te
 o
f 
kn
o
w
le
d
g
e
 o
f 
th
e
 p
ri
m
a
ry
 st
ru
ct
u
re
 o
f 
d
o
lp
h
in
 (~
~
~
~
~
~
~
s 
d
e
&
h
is
) m
yo
g
lo
b
in
. A
m
in
o
 a
ci
d
 se
q
u
e
n
ce
s l-
3
 
1
 a
re
 fr
o
m
 t
h
is
 p
a
p
e
r,
 se
q
u
e
n
ce
s 
3
 l-
 
1
5
3
 a
re
 th
o
se
 re
p
o
rt
e
d
 b
y 
K
a
ra
d
Z
o
v
a
 a
n
d
 co
-w
o
rk
e
rs
 [ l
] 
. 
^
_ 
,I
LY
_-
--
. 
- 
- 
7
1
 
<
 
.-
_-
 
__
^
._
. 
,_
_ 
.,
_-
 
_ 
--
 
y
,_
_ 
- 
.A
. 
.”
 
- 
Volume 17, number 1 FEBS LETTERS September 1971 
Acknowledgements 
I wish to thank the Director of the St. Vincent’s 
School of Medical Research in Melbourne, Dr. Pehr 
Edman, for providing us with information on the 
amino acid sequenator prior to its publication. 
References 
[l] M. Karadjova, P. Nedkov, A. Bakardjieva nd N. Genov, 
Biochim. Biophys. Acta 221 (1970) 136. 
[ 21 P. Edman and G. Begg, European J. Biochem. 1 (1967) 
80. 
[3] M. Karadjova, P. Nedkov, B. Atanasov and B. Keil, Col- 
lection Czech. Chem. and Commun. 29 (1964) 55 1. 
[4] A. Rossi-Fanelli and E. Antonini, Biochim. Biophys. 
Acta 306 (1958) 608. 
[ 5 ] P. Edman, in: Protein Sequence Determination, ed. 
S.B. Needleman (Springer, Berlin, Heidelberg, New York 
1970) p. 211. 
[6] W.A. Schroeder, J.R. Shelton, Joan B. Shelton, J. Cor- 
mick and R.T. Jones, Biochemistry (USA) 2 (1963) 
992. 
[7] R.A. Bradshaw and F.R.N. Gurd, J. Biol. Chem. 244 
(1969) 2167. 
[S] M. Dautrevaux, Y. Boulanger, K. IIan and G. Biserte, 
European J. Biochem. 11 (1969) 267. 
[ 91 A.B. Edmundson, Nature 205 (1965) 883. 
[lo] R.L. Hill, Constance M. Harris, J.F. Naylor and W.M. 
Sams, J. Biol. Chem. 244 (1969) 2182. 
34 
